Abstract Suaeda physophora Pall. is a kind of desert plant mostly growing in saline habitats in Xinjiang Uygur Autonomous Region. In order to have a better utilization of halophytes, a screening for ACE inhibitors from halophytes growing in Xinjiang was carried out. The result showed that the 70% EtOH extract and n-BuOH extract of S. physophora Pall. possessed significant ACE inhibitory activities. So we focused on its biochemical constituents firstly. One new quinazoline alkaloid, namely Suaedine (1), along with six known compounds (2-7) was isolated from the aerial parts of S. physophora Pall. The structure of the new quinazoline alkaloid was established by one-and two-dimensional nuclear magnetic resonance, optical rotation and mass spectrometry analysis. The flavonoid compounds (2-4) and phenolic compound (5) exhibited significant ACE activities. It was the first time to focus on the chemical constituents and bioactivities of this plant.
Suaeda physophora Pall. was a kind of desert plant of Suaeda genus growing in saline habitats at about 500-700 m above sea level in Xinjiang Uygur Autonomous Region and west of Gansu province in China. It is one of the main host plants of traditional Chinese medicine Cistanche tubulosa (Schenk) R. Wight. And also the plant was used as animal feeding stuffs and for prevention from desertification with a rich resource 1 . Some studies have revealed that the extract of some species of Suaeda genus could be used for prevention and treatment of heart disease and hypertension 2 . However, previous research of this plant mainly focused on plant physiology and salt tolerance [3] [4] [5] . Angiotensin I-converting enzyme (ACE) played a critical physiological role in the regulation of blood pressure 6 . It could increase blood pressure by converting an inactive form of decapeptide (angiotensin I) into a potent vasoconstrictor angiotensin-II (anoctapeptide) and inactivating catalytic function of bradykinin, which had depressor action 7 . According to traditional use of Suaeda genus plants, we carried out a screening for ACE inhibitors from halophytes growing in Xinjiang for better utilization of halophytes. The primary result showed that the 70% EtOH extract and n-BuOH extract of S. physophora Pall. possessed significant ACE inhibitory activities.
Seven compounds were isolated from the n-BuOH extract and EtOAc extract and identified to be (10bS,2′S)-1, 5, 6, 10b-
, quercetin (4), 2-hydroxybenzoic acid (5), β-sitosterol (6) and daucosterol (7) . The structure of the new quinazoline alkaloid (1) was established by one-and twodimensional NMR and mass spectrometry analysis. All compounds were isolated from this plant for the first time, and compounds 1, 2, 3, 4, 5, and 7 were isolated from Suaeda genus firstly. The ACE inhibiting activities of the compounds were assayed respectively. The flavonoid compounds (2, 3 and 4) and phenolic compound (5) exhibited significant ACE activities. It was the first time to focus on the chemical constituents and bioactivities of this plant. H-10b (δ 4.54) showed HMBC correlations to C-6a, C-10a and C-10. So, C-10b was connected to the C10a on the benzene ring core. Other HMBC correlations of H-1/C-10b, H-2/C-10b and H-2/C-3 together indicated the link of benzene ring-(10a)-C10b-C1-C2-C3 (Fig. 1) . HMBC correlations of H-6/C-6a, H-6/C-7 and H-6/C-10a identified that C-6 was connected to the C-6a on the benzene ring core. And HMBC correlation H-6/C-5, H-5/C-6a together indicated the connection of benzene ring-(6a)-C6-C5. The HMBC correlation of H-5/C-10b, as well as the chemical shift of C-10b (δ 56.8), H-10b (δ 4.54) supported that C-5 was connected to C-10b through N-atom.
Results and discussion
H-2′ (δ 5.82) showed HMBC correlations to C-8, C-9, and the chemical shift of C-2′ (δ 101.4), H-2′ (δ 5.82) together demonstrated that C-2′ was connected to benzene ring through oxygen atom. From the remaining signals, an alkenyl (C-1ʺ, C-2ʺ), a carboxyl (2ʺ-COOH) and a hydroxy (2ʺ-OH) could be clearly observed. The HMBC correlations H-2′/C-1ʺand H-2/C-2ʺ supported the link of C2′-C1ʺ-C2ʺ. Then the carboxyl and hydroxy were therefore connecting to C-2ʺ. So, we determined the plane structure of compound 1. The main HMBC correlations are provided in Fig. 2 .
The configuration of 1 was assigned based on NOESY spectrum and optical rotation. H-10b/H-2′ NOESY correlation was observed, revealing that they were on the same face of the molecule and relatively close. The configuration of C-10b was determined by comparing the chemical shift of H-10b [δ 4.54 (1H, t, J ¼8. By comparing their physical and spectral data ( 1 H NMR, 13 C NMR) with those reported, the known compounds were characterized to be isorhamnetin-3-O-β-D-rutinoside (2) 10 , rutin (3) 11 , quercetin (4) 12 , 2-hydroxybenzoic acid (5) 13 , β-sitosterol (6) 14 and daucosterol (7) 14 . The structures of the isolated compounds are shown in Fig. 3 .
The ACE inhibitory activities of the extracts and isolated compounds were tested on different concentrations. The results are listed in Figs. 4 and 5. The n-BuOH extraction was identified as the active part because of its significant ACE inhibitory activity with 83.5% inhibiting rate at 100 mg/mL and 70.1% inhibiting rate at 50 mg/mL. Furthermore the purified compounds (1-4) from the active fraction (n-BuOH extract) were evaluated accordingly. The flavonoid compounds (2-4) were the material basis of ACE inhibitory activity for the active part on the basis of the chemical and biological data while the new compound (1) had no significant ACE inhibitory activity with À411.3% inhibiting rate at 10 mg/ mL, À511.3% inhibiting rate at 20 mg/mL and À560.3% inhibiting rate at 40 mg/mL. It was suggested to be a potential ACE agonist.
Experimental

General experimental procedures
Optical rotations were measured on a PerkinIFS-55 polarimeter. HR-ESI-MS spectra were obtained by a Bruker APEX 7.0 T FT-MS apparatus in m/z. NMR spectra were recorded on Bruker ARX-300 and ARX-600 spectrometers, using pyridine-d 5 Figure 1 The structure of compound 1. Figure 2 Key HMBC and NOESY correlations observed in compound 1. Figure 3 The structure of compounds isolated from Suaeda physophora Pall.
Traditional Chinese Materia Medica, Shenyang Pharmaceutical University. The whole plants of S. physophora Pall. were harvested and air-dried at room temperature in the dark.
Extraction and isolation
The air-dried plant (5.0 kg) of S. physophora Pall. was finely cut and extracted three times ( Afterward, the action was terminated by adding 5 μL 10% TFA. The reaction buffer was directly analyzed in an HPLC autoinjection system (mobile phase: 30% methanol-1 mL TFA-0.5 mL glacial acetic acid (pH 3-3.3), 70% methanol-1 mL TFA-0.5 mL glacial acetic acid (pH 3-3.3) eluted in gradient, AR; detection wavelength: 228 nm; flow rate: 1 mL/min). The resulting hippuric acid was quantitatively analyzed by HPLC. Captopril was used as positive control with IC 50 value 6.95 mg/mL. Figure 4 The ACE inhibiting activities of different extracts of Suaeda physophora Pall. Figure 5 The ACE inhibiting activities of compounds 2-4. Captopril was used as a positive control with IC 50 value 6.95 mg/mL.
